Abstract Few prospective studies have evaluated the association between alcohol use and STI acquisition among African women. We examined the association between baseline drinking frequency and STIs in a cohort of Kenyan women reporting transactional sex. The association between alcohol use and STI differed significantly by HIV status. Among 139 HIV-positive women, STI acquisition was significantly associated with consuming 1-7 drinks/ week and marginally associated with C8 drinks/week in unadjusted analyses. However, no association between alcohol use and STIs was observed among 335 HIV-negative women. Addressing alcohol use within comprehensive HIV care may also reduce the burden of STIs among high-risk women.
Introduction
Sexually transmitted infections (STI) contribute substantial health burdens to women in Africa, including increased risk of HIV acquisition and ongoing transmission [1] . Alcohol use in Africa is common and has been implicated as a potentially important risk factor for HIV and other STIs [2] [3] [4] . Several African studies have shown that the frequency and pattern of alcohol use are associated with prevalent STIs [5] , sexual risk behaviors [6] and positive HIV status [7] . Alcohol use may increase the risk of STI acquisition by increasing risky sexual behavior [2] . It is also notable that alcohol consumption may be more frequent among women engaged in sex work compared to the general population [8] . Accordingly, alcohol use may be a particularly important risk factor for STIs among sex workers. These women may have higher risk partners, solicit clients in bars, and drink alcohol with potential sex partners, compromising their ability to negotiate safer sex [8] .
Most studies evaluating the association between alcohol use and STIs in African women have been cross-sectional [2, 3] . As a result, these studies have not been able to examine temporal relationships between alcohol use and STI risk. The prospective studies that are available provide some insight into the association between alcohol use and STI acquisition, but have limitations including the use of self-reported sexual risk behaviors [6] , self-reported STIs [2] , or only HIV acquisition as endpoints [4] . One prospective analysis of data from HIV-negative sex workers in Kenya found that daily alcohol use was an independent risk factor for laboratory-confirmed curable STIs [9] . Additional studies in both HIV-positive and HIV-negative African women will be important to further understand the nature of the association between alcohol use and STI risk, and to inform more comprehensive STI prevention strategies. It is important to include HIV-positive women in these studies because HIV-positive women may have a higher risk of STI acquisition compared to HIV-negative women due to greater biological susceptibility as well as more exposure to sexual networks with higher STI prevalence [1, 2] .
In the present study, we hypothesized that alcohol use would be associated with increased risk of STIs among African women reporting transactional sex. We evaluated the association between self-reported baseline alcohol use and incidence of laboratory-diagnosed curable STIs using data from a cohort of HIV-positive and HIV-negative Kenyan women.
Methods

Participants and Procedures
We conducted a prospective longitudinal analysis using data from the Mombasa Cohort, a prospective cohort study of risk factors for HIV acquisition, transmission, and disease progression among women engaged in transactional sex in Mombasa, Kenya. The cohort was initiated in 1993 and detailed procedures have been published [10] . Women were eligible to join the cohort if they were 18-50 years old, reported engaging in sex for cash or in-kind payment, and were willing and able to provide informed consent. At enrollment and monthly follow-up visits, participants completed a standardized face-to-face interview with a trained study nurse to collect information about their demographic characteristics, medical histories, and sexual behaviors. Women were asked about sexual behavior in the past week at each follow-up visit in order to estimate the proportion of unprotected sex. The questions were: ''During the past week: How many times did you have sexual intercourse? How many times did you have sexual intercourse with condoms?''
A study physician conducted a physical examination including a speculum-assisted pelvic examination with collection of vaginal and cervical specimens for laboratory diagnosis of STIs. Participants received free outpatient medical care, including treatment for STIs, according to World Health Organization guidelines. Women who reported symptoms of a genital tract infection were treated syndromically at the same visit and were given a follow-up appointment one week later. At that time, they were provided with additional treatment if STIs were identified by laboratory testing that were not covered with the medications provided at the prior visit. Women who were HIV-positive at enrollment or who seroconverted during follow-up were offered free comprehensive HIV care, including anti-retroviral therapy (ART), according to Kenyan national treatment guidelines. After April 2008, HIV-positive women who were not taking ART were asked to return every 3 months with additional visits as needed based on their symptoms. This decrease from monthly to quarterly visits aligned follow-up in the research cohort with local clinical standards for HIVpositive individuals not taking ART.
At enrollment, women were asked about the number of alcoholic drinks they consumed in an average week. The question was: ''Do you drink alcohol?'' If a woman said yes, she was asked: ''How many drinks per week?'' They were also asked about their use of other drugs (marijuana, miraa, cocaine, and IV drugs). Nucleic acid amplification testing (NAAT) for Neisseria gonorrhoeae and Chlamydia trachomatis was conducted using the Gen-Probe APTIMA Combo 2 assay (Gen Probe, San Diego, CA). In addition, culture for N. gonorrhoeae was performed on modified Thayer-Martin media. 
Data Analysis
Women who were enrolled in the cohort between August 2006 (when Gen-Probe N. gonorrhoeae and C. trachomatis testing was initiated in the cohort) and December 2011 and had at least one visit with a NAAT result were included in the analysis. Four women with missing or inconclusive HIV status were excluded. Because alcohol use can change over time, we included no more than 2 years of follow-up per woman. The primary exposure was baseline alcohol use (drinks per week), which was categorized as no drinks, 1-7, or C8 drinks/week. These categories were chosen based on the distribution of the data and our prior studies in the same cohort [10] . The binary outcome, measured at each follow-up visit, was a combined endpoint indicating a positive test for any one or more STIs (N. gonorrohoeae, C. trachomatis, and T. vaginalis) compared to no STI. The association between each level of alcohol use and STIs was evaluated with logistic regression using generalized estimating equations (GEE) with robust standard errors and exchangeable working correlation structure to estimate odds ratios (OR) and 95 % confidence intervals (CI) based on a Wald test statistic. This method accounted for correlation between multiple visits for the same woman. Additional NAAT testing for N. gonorrohoeae and C. trachomatis was performed from August 2006 through April 2008 and then quarterly thereafter. Because our hypothesis focused on STI outcomes only those visits with NAAT results were included in the analysis.
Pre-specified potential confounding factors were included in all adjusted models. These variables were age (continuous linear) and work place (bar, nightclub, home/ other location). Additional potential confounding factors including years of education (continuous linear), religion (Protestant, Catholic, Muslim, other), pregnancy at enrollment, marital status (never, currently married, divorced/ widowed), marijuana use (binary), and hormonal contraceptive use (binary) were considered if they were independently associated with the STI outcome in univariate analysis (a = 0.1). Women were classified as having unprotected sex at a follow-up visit when their total reported number of sex acts exceeded the number of reported sex acts with a condom. In light of data from prior studies suggesting an association between alcohol use and HIV acquisition [3] , we tested an a priori hypothesis that the association between alcohol use and STI might differ in HIV-positive versus HIV-negative women. In addition, we expected that the association between alcohol use and STI might differ by HIV-status because of evidence that HIV is associated with increased risk of STIs [5] . This analysis was performed by including an interaction term for HIV status and baseline alcohol use in the model. We also conducted an analysis to examine whether the association between alcohol use and STI could be explained by reported unprotected sex at follow-up visit. We compared women with at least one return visit with a NAAT result to women who never had NAAT using Mann-Whitney (MW) tests of medians for continuous variables and Pearson's Chi square tests for categorical variables. We compared the 474 women included in this analysis to the 148 women who were excluded because they had no return visits with NAAT testing. The women who were excluded were younger (median 26 [23, 31] 
Results
Overall
Discussion
In this prospective analysis of data from a cohort of highrisk Kenyan women, alcohol use was associated with an approximately two-fold increased risk of STI acquisition in HIV-positive participants that was marginally significant. After adjustment for age, workplace, and marijuana use, the association between 1-7 drinks per week compared to no drinks and STI risk remained marginally significant while the association between C8 drinks per week and STI risk became non-significant. In contrast, alcohol use was not associated with increased STI risk in women who were HIV-negative. This prospective study adds to the limited The results of the present analysis are generally consistent with findings from cross-sectional studies that have found a significant association between alcohol use and prevalent STIs among African women [2, 8] . One previous prospective study in African women, conducted among HIV-negative Kenyan sex workers found that daily alcohol use was associated with a 1.4-fold increase in the risk of acquiring curable STIs after adjusting for workplace, age, and smoking status [9] .
We did not observe a significant association between alcohol use and STI risk in HIV-negative women. This may have been due to inadequate power, given the modest sample size in the study and a lower number of STIs among HIV-negative women compared to HIV-positive women. However, there are other possible explanations. For example, HIV-positive women may have participated in overall riskier sexual networks with more STI-infected members compared to their HIV-negative peers [8] . In addition, there is some evidence that HIV-positive women have greater biological susceptibility to some STIs compared to HIV-negative women [1] , which could help to explain the observed difference in the association between alcohol use and STIs in these groups.
One plausible explanation for the observed association between alcohol use and increased STI risk is that alcohol use leads to riskier sexual behaviors [3] . While we were unable to show that the association between alcohol use and STIs in HIV-positive women was mediated through higher rates of unprotected sex, it is important to note that we only measured risk behavior during the past week. In contrast, STIs could have occurred at any time between follow-up visits. There may also have been underreporting of the frequency of unprotected sex due to social desirability bias.
This study had several strengths. The longitudinal design enabled us to assess the temporal relationship between reported alcohol use and STI acquisition. Our sample included both HIV-positive and HIV-negative women, allowing us to compare these groups. Furthermore, we used laboratory-confirmed STI endpoints, including NAAT, which has high sensitivity and specificity for detecting N. gonorrhoeae and C. trachomatis [11] .
This study also had limitations. First, because we measured alcohol use by self-report, there may have been underreporting due to social desirability bias. Second, we used a single global measure of alcohol use frequency in drinks per week. Measuring patterns of alcohol use, alcohol use disorders, and event level measures (i.e. alcohol use at the time of sexual activity) can yield more precise estimates of the effects of alcohol on health outcomes [2, 3] . Third, alcohol use was only measured at baseline and may have varied during follow-up. Future research with time-varying measures of alcohol use will be important to further characterize the relationship between alcohol and STI risk among HIV-positive and HIV-negative women. Fourth, about 24 % of women were excluded from the analysis because they did not have visits with NAAT results, in most cases because they did not return for follow-up visits. This may limit the generalizability. Fifth, our results showing effect modification and an association between alcohol use and higher STIs among HIV-positive women were of borderline statistical significance. These results should be interpreted with caution and evaluated in future studies with HIV-positive and HIV-negative women. Finally, our study included African women who reported engaging in transactional sex, so these results may not reflect the relationship between alcohol use and risk of STI acquisition in the general population. Nonetheless, women involved in sex work are an important population that contributes to HIV transmission even in countries with mature epidemics [12] . Prioritizing STI prevention in this marginalized population could help to reduce HIV transmission.
Conclusions
There is growing consensus that alcohol use is an important modifiable risk factor that should be addressed within HIV care programs in Africa [2, 3, 8] . Promising interventions that address alcohol use problems as a component of comprehensive HIV prevention and care could also reduce the burden of curable STIs among high-risk African women.
